(19) 



J 



(12) 



(43) Date of publication: 

14.05.1997 Bulletin 1997/20 

(21) Application number: 96117953.8 

(22) Date of filing: 08.1 1 .1 996 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets (1 1 ) EP 0 773 445 A2 

EUROPEAN PATENT APPLICATION 

(51) mtCl. 6 : G01R 1/067, G01R 31/28 



(84) Designated Contracting States: 


(72) Inventor: Nurioka, Akira 


BE DE FR GB 


Fukuyama-shi, Hiroshima-ken (JP) 


(30) Priority: 10.11.1995 J P 317302/95 


(74) Representative: Reinhard - Skuhra • Weise & 


28.03.1996 JP 104149/96 


Partner 


28.03.1996 JP 104150/96 


Friedrichstrasse 31 


24.10.1996 JP 282471/96 


80801 Munchen (DE) 


(71 ) Applicant: Okano Hightech Co., Ltd. 




Fukayasu-gun, Hiroshima-ken (JP) 





CM 
< 

in 

CO 

o 

Q. 

UJ 



(54) Inspection apparatus of conductive patterns 

(57) An inspection apparatus inspects an electronic 
circuit board (100) on which a plurality of bonding pads 
(102) and a plurality of pin pads (101) are connected to 
each other through conductive patterns (515). A probe 
(400) having a contact pin (402) is moved on the elec- 
tronic circuit board along a straight line substantially 
constituted by a terminal group without separating the 
contact pin from the surface of the electronic circuit 



board. This moving operation is a "wiping" operation. In 
the process of movement, an identifiable electrical sig- 
nal is applied to the contact pin, and a return signal is 
detected at each pin pad. This return signal is com- 
pared with a reference signal obtained in advance by 
using a reference circuit board. A discontinuity or short 
in each conductive pattern is determined on the basis of 
the comparison result. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an inspection s 
apparatus, an inspection method, and an inspection 
probe for a work (to be referred to as an electronic cir- 
cuit board) having conductive patterns with narrow 
spacings, e.g., an electronic circuit having a pin grid 
array (PGA) structure or a multi-layered circuit board. 10 

As the packing densities of electronic circuits such 
as ICs increase, the interconnections of electronic cir- 
cuit boards are formed into highly integrated and multi- 
level metallization. 

Fig. 1 shows a PGA package 100 as an electronic is 
circuit board. 

The PGA package 100 in Fig. 1 is at the stage 
before an LSI chip 105 mounted in the center of the 
package is bonded with lead wires. The LSI chip 105 is 
bonded to bonding pads (to be referred to as "BPs" 20 
hereinafter) 102 on a multi-layered ceramic board 104 
with predetermined lead wires. As shown in Fig. 2, in 
the multi-layered ceramic board 104 of the PGA pack- 
age 100, a given BP 102 is wired to a specific pin pad 
(to be referred to as a TP" hereinafter) 101 through a 25 
lead wire 103. This lead wire 103 must not be short- 
circuited to another lead wire or have a discontinuity. 

The inspection apparatus of the present invention is 
designed to check discontinuities and shorts in an elec- 
tronic circuit board such as a PGA package like the one 30 
shown in Figs. 1 and 2, especially in interconnections 
which are not seen from the outside. 

In a PGA package (or LCC (Leadless Chip Carrier) 
package or the like), in particular, since the pitch of the 
BPs 1 02 is very small, it is difficult to specify a pad. 35 

In a conventional inspection method and apparatus, 
a pair of connection pins for power supply and reception 
are brought into contact with electrodes to be inspected 
(e.g.. the lands of a BP and a corresponding PP), and 
an electrical signal is supplied to one of the pins to 40 
inspect whether a predetermined signal is output from 
the electrode (or electrodes) for power reception. In 
order to reliably perform this inspection, an apparatus 
for accurately positioning pins on lands is required. 

When the interconnection pitch of a circuit pattern 45 
is small, the pins can be easily and accurately posi- 
tioned on lands. As the interconnection pitch decreases, 
the number of input/output points (measurement count) 
for a test increases, stricter positioning conditions are 
imposed on the test. For this reason, complicated, high- so 
precision inspection jigs are required, resulting in an 
increase in cost. 

In general, electronic circuit boards such as PGA 
packages respectively have different bonding pad pat- 
terns. 55 

In a conventional method (e.g., disclosed in U.S. 
Patent No. 4,035.722, which will be referred to as a 
"multi-probe method" for the sake of descriptive conven- 
ience), a high-precision probe head corresponding to 



the bonding pad and pin pad patterns of each PGA 
package is manufactured, and the head is brought into 
contact with the lands of the pin pads and the lands of 
the bonding pads at once to measure continuity 
between the lands. This multi-probe method allows a 
batch test of many pins with a high precision. However, 
a test head for a given board or package cannot be used 
for other boards or packages. Therefore, a head dedi- 
cated to each board or package is required, resulting in 
a high cost. 

As an improvement on the multi-probe method, a 
moving probe method (e.g.. U.S. Patent No. 5.256.975) 
is known. In this method, one probe comes into contact 
with an electrode group (i.e.. a pad group) to be 
inspected in units of lands. 

The above multi -probe method and the moving 
probe method have their own advantages and disad- 
vantages in terms of throughput including test speeds, 
the contact characteristics of probes, and costs. How- 
ever, both the methods require high-precision position- 
ing. High-precision positioning generally leads to 
structural or mechanical limitations. For example, the 
use of a probe head (multi-probe method) having con- 
tact pins with a small pitch makes it difficult to perform 
positioning with respect to a work. In the moving probe 
method, since positioning is performed in units of lands, 
it takes much time to perform an inspection. 

In both the multi-probe method and the moving 
probe method, if the dimensional precision of a package 
to be inspected is high, positioning poses no serious 
problems. 

However, in an IC package having a PGA structure, 
in particular, since the multi-layered ceramic board 104 
undergoes a large change in dimension, the dimensions 
of the finished BPs 1 02 having a high wiring density 
inevitably vary. From the viewpoint of a work, positioning 
is very difficult to perform in a contact type inspection. 
That is, the errors between the head and the BP pattern 
are too large to perform an inspection by the multi -probe 
method. In the moving probe method as well, owing to 
the above variation, it is difficult to accurately position 
the probe pins. 

Furthermore, in the moving probe method, the 
probe pins must be brought into contact with lands or 
patterns, resulting in undesired flaws. 

SUMMARY OF THE INVENTION 

The present invention has been made in considera- 
tion of the above situations, and has as its object to pro- 
vide an inspection apparatus and method which inspect 
discontinuities and shorts (insufficient insulation) in a 
plurality of conductive patterns formed on or in an elec- 
tronic circuit board with a small number of probes. 

In an inspection apparatus and method of the 
present invention, a small number of probes (e.g., one 
probe) is caused to "trace" the surface of an electronic 
circuit board. With this operation, even if terminals are 
unevenly arranged on a board, contact of the probe with 
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a terminal can be accurately recognized. In order to 
make the probe trace the surface of the electronic circuit 
board, the probe or the board may be moved relative to 
each other. That is, either the probe or the electronic cir- 
cuit board is moved along a straight line substantially 5 
constituted by a plurality of terminals formed on the 
electronic circuit board while a contact pin mounted on 
the probe is not separated from the surface of the elec- 
tronic circuit board. 

Accordingly, in order to achieve the above object 10 
according to the present invention, there is provided an 
inspection apparatus for determining qualities of a plu- 
rality of conductive patterns on an electronic circuit 
board having a first group of plural terminals, a second 
group of plural terminals, and the plurality of conductive 15 
patterns for electrically connecting the first group of plu- 
ral terminals to the second group of plural terminals, 
comprising: a first probe having a first contact pin which 
comes in contact with the electronic circuit board; mov- 
ing means for moving one of said first probe and the 20 
electronic circuit board along a straight line substantially 
constituted by the first group of plural terminals without 
separating the first contact pin from a surface of the 
electronic circuit board; supply means for supplying a 
first identifiable electrical signal to the first contact pin of 25 
said first probe; monitor means for monitoring a second 
electrical signal appearing at each terminal of the sec- 
ond group of plural terminals; and determination means 
for determining qualities of the plurality of conductive 
patterns on the basis of the monitor result obtained by 30 
said monitor means. 

In order to achieve the object, there is also provided 
according to the present invention, an inspection 
method of determining qualities of a plurality of conduc- 
tive patterns on an electronic circuit board by applying a 35 
first identifiable electrical signal thereto through a first 
probe, the electronic circuit board having a first group of 
plural terminals, a second group of plural terminals, and 
the plurality of conductive patterns for electrically con- 
necting the first group of plural terminals to the second 40 
group of plural terminals, comprising: the moving step of 
supplying the first identifiable electrical signal to said 
probe while moving said probe along a straight line sub- 
stantially constituted by the first group of plural termi- 
nals without separating a distal end of said probe from a 45 
surface of the electronic circuit board; the monitor step 
of monitoring a second electrical signal appearing at 
each terminal of the second group of plural terminals 
while said probe is supplying the electrical signal to one 
terminal of the first group; and the determination step of so 
determining qualities of the plurality of conductive pat- 
terns on the basis of the second electrical signal 
obtained in the monitor step. 

In addition, by tracing the board surface with the 
probe, the positions of the terminals formed on the 55 
board can be detected, that is another object of the 
present invention. 

The other object of the present invention is 
achieved by the apparatus, wherein said determination 



means comprises identifying means for identifying a ter- 
minal, of the first group of plural terminals, to which the 
first electrical signal is supplied from said supply means, 
on the basis of the monitor result obtained by said mon- 
itor means, and determines a quality of a conductive 
pattern on the basis of the second electrical signal 
detected by said monitor means at one or a plurality of 
terminals of the second group which are connected to 
the terminal identified by said identifying means through 
conductive patterns. 

The other object is also achieved by the method 
wherein the determination step comprises: the identify- 
ing step of identifying a terminal, of the first group of plu- 
ral terminals, to which the first electrical signal is 
supplied, on the basis of the monitor result obtained in 
the monitor step; and the step of determining a quality 
of a conductive pattern on the basis of the second elec- 
trical signal detected in the monitor step at one or a plu- 
rality of terminals of the second group which are 
connected to the terminal identified in the identifying 
step through conductive patterns. 

The positions of the terminals formed on the board 
can also be known from the connection relationship 
between conductive patterns. For example, the conduc- 
tive patterns connect bonding pads (first group termi- 
nals) to pin pads (second group terminals). If data 
indicating the connection relationship between the first 
group terminals and the second group terminals is 
stored, it can be selectively determined whether a sec- 
ond electrical signal is detected or not detected at a 
specific terminal of the second group terminals. This 
selective determination, which is a further object of the 
present invention, is achieved by the apparatus, further 
comprising first storage means for storing data indicat- 
ing a connection relationship between the first group of 
plural terminals and the second group of plural termi- 
nals through the plurality of conductive patterns, and 
wherein when the first contact pin of said first probe is 
moved onto one terminal of the first group by said mov- 
ing means, said determination means specifies a termi- 
nal, of the second group, which is connected to said one 
terminal, on the basis of said storage means, and deter- 
mines a quality of a conductive pattern between said 
one terminal and the specified terminal on the basis of 
the second electrical signal detected through said 
detection means. 

The further object above is also achieved by the 
method further comprising the storage step of storing 
data in a predetermined memory, the data indicating a 
connection relationship between the first group of plural 
terminals and the second group of plural terminals 
through the plurality of conductive patterns, and 
wherein the determination step comprises, when the 
first contact pin of said first probe is moved onto one ter- 
minal of the first group in the moving step, specifying a 
terminal, of the second group, which is connected to the 
one terminal, on the basis of the predetermined mem- 
ory, and determining a quality of a conductive pattern 
between said one terminal and the specified terminal on 
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the basis of the second electrical signal detected in the 
monitor step. 

The positions of the first group terminals can be 
identified more accurately by using a probe having two 
adjacent contact pins. When an electrical signal is 
applied to one contact pin while the probe is on a termi- 
nal, the signal should appear at the other contact pin. 
Detection of the signal at the other contact pin, that is a 
yet further object of the present invention, indicates that 
the probe is on the terminal. 

The yet further object of the present invention is 
achieved by the apparatus further comprising a second 
probe having a second contact pin mounted at a posi- 
tion near the first contact pin of said first probe, and 
wherein said identifying means identifies a terminal of 
the first group to which the first electrical signal is being 
supplied from said first probe through the first contact 
pin, on the basis of a third electrical signal detected 
through the second contact pin of said second probe. 

The yet further object above is also achieved by the 
method according to claim 33, wherein the moving step 
comprises using a second probe having a second con- 
tact pin mounted at a position near the first contact pin 
of said first probe in addition to said first probe, and the 
identifying step comprises identifying a given terminal, 
of the first group, to which the first electrical signal is 
supplied from said first probe through the first contact 
pin, on the basis of a third electrical signal detected 
through the second contact pin of said second probe. 

When the present invention is to use two contact 
pins, the distance between the two pins is preferably set 
to be less than the width of one terminal. 

According to a preferred aspect of the present 
invention, a first group terminal to which an electrical 
signal is applied is preferably identified on the basis of 
an elapsed time from the start point of an inspection. 

The contact pin is inclined with respect to the probe 
body to facilitate a wiping operation. If the pin is inclined, 
the probe must be rotated in accordance with a change 
in the moving direction of the probe. According to 
another preferred aspect of the present invention, the 
moving means further includes a motor for rotating the 
first probe about its axis. 

According to still another preferred aspect of the 
present invention, the first probe is moved at a known 
velocity, preferably a constant velocity. The position of 
each first group terminal can be easily discriminated. 

In order to accurately recognize terminal positions 
on an electronic circuit board as a work on which termi- 
nals are unevenly arranged, a "reference work", w;--'ch 
is a further aspect of the present invention is prefei ably 
used. 

According to . the further aspect of the present 
invention provides, the apparatus further comprises 
means for moving said first probe on a reference sub- 
strate having terminals and conductive patterns corre- 
sponding to the electronic circuit board at the known 
velocity; and seconc storage means for storing an elec- 
trical signal appearing at the second group of plural ter- 



minals as reference signal data in a process in which 
said first probe is moved on the reference substrate, 
and wherein said determination means compares the 
second electrical signal obtained by said second moni- 

5 tor means with reference signal data read out from said 
second storage means. 

According to the further aspect, the method further 
comprises the step of moving said first probe on a refer- 
ence substrate having terminals and conductive pat- 

w terns corresponding to the electronic circuit board at the 
known velocity; and the step of storing an electrical sig- 
nal appearing at the second group of plural terminals as 
reference signal data in a predetermined second mem- 
ory in a process in which said first probe is moved on 

is the reference substrate, and wherein the second electri- 
cal signal obtained in the second monitor step is com- 
pared with reference signal data read out from said 
second memory. 

In order to detect faults in an electronic circuit board 

20 as a work while comparing it with a reference substrate, 
corresponding data must be discriminated from refer- 
ence signal data. Accordingly, the present invention pro- 
vides the apparatus and method wherein said 
determination means and step retrieves target refer- 

25 ence signal data from said second storage means in 
accordance with an elapsed time. 

Faults in conductive patterns include shorts 
between interconnections and discontinuities therein. 
These faults must be discriminated and determined. 

30 This operation, which is a yet further aspect of the 
present invention, is performed by using the stored data 
indicating the connection relationship between the first 
and second group terminals. According to the appara- 
tus and method according to the above aspect, said 

35 deterrr; nation means/step detects that the first contact 
pin of said first probe is in contact with one terminal of 
the first group; specifies a first terminal connected to 
said one terminal of the second group, and a second 
terminal which is not connected to said one terminal on 

40 the basis of the data indicating the connection relation- 
ship; determines a discontinuity in a conductive pattern 
between said one terminal and the first terminal on the 
basis of the second electrical signal detected at the first 
terminal; and determines a short in a conductive pattern 

45 between said one terminal and the second terminal on 
the basis of the second electrical signal detected at the 
second terminal. 

According to still preferred aspect of the present 
invention, an electrical signal applied to a terminal 

so through the probe has a known voltage value or a know 
repetitive pattern. This makes the signal identifiable. 

' is another object of the present invention to pro- 
vide an inspection probe suitably used to perform a wip- 
ing operation in inspecting an electronic circuit board. 

55 In order to achieve this object, acceding to the 
present invention, there is provided an inspection probe 
for inspecting an electronic circuit board, comprising: an 
electrical insulating cylinder having first and second sig- 
nal terminals for inputting signals; first and second con- 
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ductive pistons which slidably move in said cylinder and 
are electrically insulated from each other; first suspen- 
sion means having one end connected to one of the pair 
of signal terminals, and the other end connected to a 
portion of said first conductive piston, thereby allowing 5 
said first conductive piston to be elastically suspended 
from said cylinder; second suspension means having 
one end connected to the other of the pair of signal ter- 
minals, and the other terminal connected to a portion of 
said second conductive piston, thereby allowing said w 
second conductive piston to be elastically suspended 
from said cylinder; a first contact pin which is mounted 
on said first conductive piston to come in contact with a 
surface of the electronic circuit board; and a second 
contact pin which is mounted on said second conduc- 75 
tive piston to come in contact with the surface of the 
electronic circuit board at a predetermined distance 
from the first contact pin. 

It is still another object of the present invention to 
provide a probe which is suitably used to perform a wip- 20 
ing operation in inspecting an electronic circuit board, 
and can accurately detect the position of a terminal to 
be recognized. 

In order to achieve this object, according to the 
present invention, there is provided an inspection probe 25 
used to inspect an electronic circuit board, comprising: 
an electrical insulating cylinder having a signal terminal 
for inputting a signal; a conductive piston which slidably 
moves in said cylinder; conductive suspension means 
having one end connected to the signal terminal, and 30 
the other end connected to a portion of said conductive 
piston, thereby allowing said conductive piston to be 
elastically suspended from said cylinder; and a first con- 
tact pin mounted on said conductive piston to come in 
contact with a surface of the electronic circuit board. 35 

According to still another preferred aspect of the 
present invention, the contact pin is inclined with 
respect to the sliding direction of the piston and 
mounted thereon. 

According to still another preferred aspect of the 40 
present invention, the contact pin is suspended by a 
coil-like wire. 

According to still another preferred aspect of the 
present invention, the distance between the first and 
second contact pins is set to be less than the width of a 45 
conductive pattern (to be inspected) formed on the elec- 
tronic circuit board. 

According to still another preferred aspect of the 
present invention, the first and second contact pins are 
arranged side by side in the moving direction of the so 
inspection probe. 

It is still another object of the present invention to 
provide an inspection method of searching for the posi- 
tions of a plurality of terminals formed on an electronic 
circuit board. ss 

In order to achieve this object, according to thie 
present invention, there is provided n inspection method 
of inspecting an electronic circuit board by searching for 
positions of a plurality of terminals formed on the elec- 



tronic circuit board, comprising: the contact step of 
bringing first and second contact pins mounted on a 
probe at a predetermined distance from each other into 
contact with a surface of the electronic circuit board; the 
moving step of moving said probe on the electronic cir- 
cuit board along a direction substantially parallel to the 
surface of the electronic circuit board while keeping the 
two contact pins in contact with the surface; the detec- 
tion step of applying an identifiable electrical signal to 
the first contact pin and at the same time, detecting a 
return signal of the electrical signal through the second 
contact pin in a process in which said probe is moved on 
the electronic circuit board; and the identifying step of 
identifying positions of the plurality of terminals on the 
basis of detected return signals. 

In many instances, terminals are formed in a sub- 
stantially straight line on an electronic circuit board. 
According to still another preferred aspect of the 
present invention, the first terminal of a plurality of termi- 
nals is specified, and a direction which substantially 
coincides with the arranging direction of the plurality of 
terminals is determined as a moving direction on the 
basis of the specified start terminal. 

According to still another preferred aspect of the 
present invention, a terminal to which an electrical sig- 
nal is applied is identified by comparing an electrical sig- 
nal applied to the first terminal at a given time point with 
a return signal detected at the second terminal at the 
given time point. 

Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a PGA pack- 
age as an electronic circuit board to which the 
present invention is applied; 
Fig. 2 is an enlarged partial view of the package in 
Fig. 1; 

Fig. 3 is a view showing the overall arrangement of 
an inspection apparatus system according to the 
first embodiment of the present invention; 
Fig. 4 is an enlarged partial view of the inspection 
apparatus system of the first embodiment; 
Fig. 5 is a sectional view showing the structure of 
an inspection probe used in the inspection appara- 
tus of the first embodiment; 
Fig. 6 is a view showing the locus of the probe when 
each of the inspection apparatuses of the first to 
third embodiments of the present invention per- 
forms an inspection; 

Fig. 7 is a block diagram showing the arrangement 
of a control system in the inspection apparatus of 
the first embodiment; 

Fig. 8 is a view showing the connection relationship 
between the apparatus of the first embodiment and 
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a PGA package to be inspected; 
Fig. 9 is a timing chart showing the signals detected 
by the inspection apparatus of the first embodiment 
when the package in Fig. 8 is inspected; 
Fig. 10 is a view for explaining the storage form of s 
signals PD detected in the first embodiment; 
Fig. 1 1 is a view for explaining the principle of a sig- 
nal detecting operation in the first embodiment; 
Fig. 12 is a view for explaining the principle of the 
signal detecting operation in the first embodiment; 10 
Fig. 13 is a flow chart showing a control procedure 
for acquiring reference signal data in the inspection 
apparatus of the first embodiment; 
Fig. 14 is a timing chart for explaining the principle 
of defective portion detection in the inspection is 
apparatus of the first embodiment; 
Fig. 1 5A is a timing chart for explaining the principle 
of defective portion detection in the inspection 
apparatus of the first embodiment; 
Fig. 1 5B is a timing chart for explaining the principle 20 
of defective portion detection in the inspection 
apparatus of the first embodiment; 
Fig. 16 is a timing chart for explaining the principle 
of defective portion detection in the inspection 
apparatus of the first embodiment; 25 
Fig. 17 is a flow chart showing a control procedure 
used by the inspection apparatus of the first 
embodiment to inspect a board as a work; 
Fig. 18 is a timing chart showing another electrical 
signal used in the inspection apparatuses of the 30 
first to third embodiments; 

Fig. 19 is a sectional view showing the structure of 
an inspection probe used in the inspection appara- 
tus of the second embodiment; 

Fig. 20 is a block diagram showing the system 35 
arrangement of a control system in the inspection 
apparatus of the second embodiment; 
Fig. 21 is a timing chart showing the operation of 
the inspection probe in the second embodiment; 
Fig. 22 is a timing chart showing the operation of 40 
the inspection probe in the second embodiment; 
Fig. 23 is a flow chart showing a control procedure 
in the second embodiment; 

Fig. 24A is a view for explaining a fault to be 
inspected by the inspection apparatus of the third 45 
embodiment; 

Fig. 24B is a view for explaining a fault to be 
inspected by the inspection apparatus of the third 
embodiment; 

Fig. 25 is a block diagram showing a modified por- so 
tion of the inspection apparatus of the third embod- 
iment with respect to the apparatus of the first 
embodiment; 

Fig. 26 is a circuit diagram for explaining the princi- 
ple of the third embodiment; 55 
Fig. 27 is a circuit diagram for explaining the inter- 
connections of a PGA package to be inspected in 
the third embodiment; 

Fig. 28 is a view showing one form of storing data 



indicating the wiring relationship of a package 
which is used in the third embodiment; 
Fig. 29 is a flow chart showing a control procedure 
in the third embodiment; and 
Fig. 30 is a circuit diagram showing the arrange- 
ment of a modification of the third embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The three preferred embodiments of the present 
invention will be described below with reference to the 
accompanying drawings. What these embodiments 
have in common is that they use a wiping method. In 
this case, the wiping method is a method of moving a 
probe without separating the distal end of the probe 
from the surface of an electronic circuit board while sup- 
plying an identifiable electrical signal (e.g.. a signal hav- 
ing a known DC voltage value or a signal having a 
voltage value with a known pattern) to the distal end of 
the probe. Every time the distal end of the probe comes 
into contact with one of the pads formed on the surface 
of the electronic circuit board in the process of wiping 
(moving) the probe, an electrical signal is transferred to 
the pad. By monitoring electrical signals transferred to 
pads, it can be determined that the distal end of the 
probe comes into contact with them. Even rf, therefore, 
the positions of the pads on the electronic circuit board 
are not known, the positions of the pads can be accu- 
rately traced by wiping the probe on the surface of the 
electronic circuit board. For this reason, this method is 
called the wiping method. 

The first embodiment proposes an inspection appa- 
ratus based on a basic wiping method in which one pin 
is mounted on the distal end of a probe. The second 
embodiment proposes a wiping method in which two 
pins are mounted on the distal end of a probe, to accu- 
rately recognize the timing at which the distal end of the 
probe comes into contact with a pad as compared with 
the inspection apparatus of the first embodiment. The 
third embodiment is characterized in that discontinuities 
between the interconnections on an electronic circuit 
and insufficient insulation between the interconnections 
are determined by one wiping operation. 

(First Embodiment) 

Fig. 3 shows the arrangement of the mechanical 
portion of an inspection apparatus for inspecting PGA 
packages, to which the present invention is applied. 

Referring to Fig. 3. reference numeral 100 denotes 
a PGA package: 240, a base for the overall apparatus; 
and 220, an upper base. An X-Y stage 250 is mounted 
on the upper base 220. The upper base 220 can move 
vertically with respect to the lower base 240. 

A lower pin board 245 is placed on the lower base 
240, and an upper pin board 230 is mounted on the 
upper base 220. The PGA package 100 to be inspected 
is fixed between the upper pin board 230 and the lower 
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pin board 245. That is. a plurality of press pins 231 
extend downward from the upper pin board 230, and a 
plurality of press pins 241 extend upward from the lower 
pin board 245. The package 100 is clamped and fixed 
between the press pins 231 and 241. Since the press 5 
pins 231 mounted on the upper pin board 230 are 
extendable, the press pins 231 extend/contract in 
accordance with the shape of the package 100 to fix it. 
Note that the position of each press pin 231 on the 
upper pin board 230 coincides with the position of a cor- w 
responding PP 101 on the package 100. For this rea- 
son, by connecting signal extraction lines to specific 
pins 231 , signals on the lands of the respective PPs can 
be extracted. 

As is apparent, by making arbitrary press pins (e.g., 15 
the pins 241 mounted on the board 245) extendable, the 
press pins can be brought into contact with PPs regard- 
less of the shape of a work. 

The X-Y stage 250 is fixed with respect to the base 
240. A Z-axis motor 203 is fixed to the X-Y stage 250. 20 
The X-Y stage 250 moves a hand 201 in the X, Y, and Z 
(vertical) directions. When the upper base 220 moves 
vertically, the X-Y stage doe not have changes in posi- 
tions. 

A probe unit 400 is mounted on the distal end of the 25 
hand 201. When the hand 201 is rotated by a e-axis 
motor 202 through a belt 210, the probe unit 400 is 
rotated about the e-axis. 

As will be described later, a contact pin 402 is 
mounted on the distal end of the probe unit 400. This 30 
contact pin 402 traces each BP of a bonding pad portion 
along a ceramic board. 

Fig. 4 shows the positional relationship between the 
probe unit 400 mounted on the distal end of the hand 
201 and the PPs 101 and PBs 102 on the package 100. 35 

Referring to Fig. 4, for the sake of descriptive con- 
venience, the X- and Y-axes are set to be parallel to two 
sides of the package 100. The Z-axis is therefore set on 
the upper surface of the package 100 in the vertical 
direction. As shown in Fig. 3, signals on the PPs 101 are 40 
extracted by using the press pins 231. In Fig. 4, how- 
ever, for the sake of descriptive convenience, these sig- 
nals are extracted through lead wires. 

Referring to Fig. 4, BPs 102 include a plurality of 
pad groups 102a and 102b extending in the X and Y 45 
directions. Each pad group has a pad having a marker 
(e.g., an "L M -shaped marker) indicating the start of the 
pad group. A controller 500 detects the position of a 
marker among images sensed by a camera 300 by pat- 
tern recognition. The controller 500 controls the camera so 
300. the motor 202. and motors 203, 204, and 205. 

Upon detection of a marker position, the controller 
500 moves the probe unit 400 to a position above the 
marker position. The Z-axis motor 203 is then rotated to 
lower the probe unit 400 toward the marker so as to 55 
bring the probe unit 400 into contact with the BP 102. A 
"wiping operation" is started. 

Fig. 5 shows the detailed arrangement of the probe 
unit 400 according to the first embodiment. 



In order to perform a wiping operation, the probe of 
the present invention needs to trace the surface of the 
package 100 while faithfully following the shape of the 
surface. The probe unit 400 in the first embodiment 
shown in Fig. 5 has an arrangement for realizing a faith- 
ful wiping operation. 

The probe unit 400 is constituted by a cylinder 403 
(having a total length of. e.g., 80 mm) consisting of a 
resin (having electrical insulating property), a stainless 
steel piston 407 which is slidably movable in the cylinder 
403. a super-steel probe pin 402 (having a length of, 
e.g., 3 mm) soldered to the distal end of the piston 407, 
a terminal 405 mounted on the upper end of the cylinder 
403, and a tungsten coil 406 which is fixed to the termi- 
nal 405 and the piston 407, and from which the piston 
407 is suspended. The contact pin 402 is fitted and fixed 
in a groove (not shown) obliquely formed in the lower 
portion of the cylinder 403 by soldering. 

A lead wire 410 is connected to a predetermined 
power supply (to be described later). The contact pin 
402, the piston 407, the coil 406, and the terminal 405 
are all conductive. The cylinder 403 is insulated. For this 
reason, while the contact pin 402 is in contact with one 
BP 102, the lead wire 410 attached to the terminal 405 
is electrically connected to the BP 102. 

Although the surface which the contact pin 402 
traces is slightly uneven, since the piston 407 is sus- 
pended from the coil 406 and freely moves in the verti- 
cal direction in accordance with its weight, the contact 
pin 402 can faithfully trace the surface of the board. A 
wire for electrically connecting the piston 407 and the 
terminal 405 constitutes the coil 406. When, the piston 
407 moves vertically, the coil 406 freely extends/con- 
tracts in the vertical direction/ Si nee the repulsion pro- 
duced when a linear wire bends is smaller than that 
produced when a coil-like wire extends/contracts, the 
biasing force of the coil 406 itself does not act as a load 
on the contact pin 402. With this operation, the contact 
pin 402 can trace a plurality of BPs while maintaining a 
good conductive state without imposing any excessive 
load to the PBs 102. 

As shown in Fig. 5, the inspection pin 402 of the 
probe unit 400 is inclined with respect to the moving 
direction. With this inclination, the movement of the con- 
tact pin 402 on the sliding surface is made smoother. In 
addition, the follow-up characteristics of the contact pin 
402 with respect to the uneven surface on the sliding 
surface in the vertical direction improve. 

As described above, the contact pin 402 must be 
inclined with respect to the moving direction of the 
probe unit 400. For this reason, for example, as shown 
in Fig. 6, when the BP group 1 02 is to be traced first, the 
9-axis motor 202 is rotated through 90° after the group 
102a is traced, and the inclination of contact pin 402 is 
matched with the extending direction of the BP group 
102b. That is. a BP group extending in an arbitrary 
direction can be traced without imposing any load on 
the pin 402 by making the probe unit 400 rotatable 
about the e-axis. 
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Fig. 7 shows the overall signal processing system 
of this inspection apparatus. 

The controller 500 is the main part of the signal 
processing system and executes predetermined control 
operations in accordance with control programs (e.g., 
the control procedures shown in the flow charts of Figs. 
1 3 and 1 7) in a memory 540. 

Referring to Fig. 7, reference numeral 513 denotes 
a current source. The controller 500 controls the current 
source 513 to supply a current to the pin 402 of the 
probe unit 400. As described above, with this operation, 
a predetermined voltage is applied to the BP 102 with 
which the pin 402 comes into contact. 

Referring to Fig. 7. when the BP 102 is connected 
to the PP 101 through an interconnection 515 (indicated 
by the dotted line) within the ceramic portion, the volt- 
age applied to the BP 102 appears at the PP 101 

As described with reference to Fig. 3, the press pins 
231 are respectively in contact with the PPs 101. Since 
a lead wire is connected to the distal end of each press 
pin 231 . a signal detected at the press pin 231 is shaped 
by a waveform shaping unit (PS) 510. The shaped sig- 
nal is latched by a latch 512. 

Referring to Fig. 7, reference numeral 520 denotes 
a disk memory. The disk memory 520 serves to store a 
signal (to be referred to as a reference signal hereinaf- 
ter) from the PP 1 01 which is obtained when a reference 
PGA package is traced. 

The principle of detection of discontinuities and 
shorts by means of the inspection apparatus of the first 
embodiment will be described with reference to Figs. 8 
and 9, taking a case wherein a wiping inspection is per- 
formed by using a package 100 having seven PPs (i to 
vii) and six BPs (a to f). as an example. 

Referring to Fig. 8, in the PGA package 100, in the 
package 100. the PPs 101 (ii to vii) are respectively con- 
nected to the BPs 102 (a to f) through lead wires 602, 
604, 605, 606, 607, and 608. In addition, the lead wire 
602 of the PP ii (and the PP iii) is short-circuited to the 
BP b (and the BP a) through a lead wire 603 within the 
ceramic portion. Furthermore, a lead wire from the PP i 
is short-circuited to the PPs iv and vi through lead wires 
610 and 609 within the ceramic portion. This connection 
state is regarded as a normal state for the package 1 00 
in Fig. 8. 

Referring to Fig. 8, assume that the package 100 
has the following faults. The lead wire 603 has a discon- 
tinuity, and the lead wire 601 is short-circuited to the 
lead wire 606 at a position 611. 

The solid lines shown in the timing charts of Fig. 9 
indicate changes in pin pad signals (to be referred to as 
PD signals hereinafter) on the PPs a to f at the respec- 
tive times, with the abscissa indicating the time during 
which the probe unit 400 sequentially traces the seven 
BPs i to vii. More specifically, the solid lines indicate 
changes in a normal state of the package 100 in Fig. 8, 
and the broken lines indicate changes in a fault state. 
When the package 100 is in a normal state, for example, 
high-level signals should be observed as PD signals 



detected at the PPs a and b at the times when the probe 
unit 400 traces the BPs ii and iii. However, since the 
lead wire 603 has a discontinuity, the signal b is at low 
level at time ii. and the signal a is at low level at time iii. 
s In addition, since a short is caused at the position 

61 1 in the ceramic portion of the package 100, a signal 
d is detected as a high-level signal at times i and iv. and 
signals c and e are detected as high-level signals at 
time v. 

w As will be described later, since a reference signal 
PD M detected in a normal state is stored in the disk 
memory 520. faults such as discontinuities and shorts 
are detected as changes (differences) in the waveforms 
of measurement signals PD L . which are actually 

15 detected from pin pads, with respect to the reference 
signal PD M . 

A method of generating reference data will be 
described with reference to Figs. 10 and 12. 

Fig. 10 shows the storage format of reference data 
20 in the disk memory 520. The reference data is data 
obtained by performing a "wiping inspection" using a 
reference work (a package which has undergone 
checks on discontinuities and shorts and on which 
bonding pads and pin pads are mounted with a rela- 
ys tively high accuracy). 

Referring to Fig. 10, time t 1f time t 2 , time t 3 .... are 
sampling times, and reference symbol PD n denotes a 
signal detected on the land of each pin pad. The wave- 
form shaping unit 510 converts a signal detected at a 
30 PP into a signal of "0" or "1 ". 

Fig. 1 1 explains a method of generating the refer- 
ence data PD M . For the sake of a detailed description, 
Fig. 11 shows changes in signals PD M detected at pin 
pads PP 1( PP 2 , and PP 3 when the pin 402 traces BPs 
35 102 (BP 1( BP 2 , and BP 3 ) by using a package (see Fig. 
12), as the package 100. which has the pin pads PP 1( 
PP 2 , and PP 3 respectively connected to lands BP 1t 
BP 2 , and BP 3 of bonding pads. The disk memory 520 
serves to store signal data obtained in this manner. 
40 Signal data at the pin pads are sampled at prede- 
termined time interval At, as shown in Fig. 1 1 . The con- 
troller 500 controls the X-Y stage 250 to move the probe 
unit 400 (the pin 402 as well) at a constant velocity 
(velocity V c ). When the pin 402 of the probe unit 400 
45 moves by AX in the X direction and AY in the Y direction 
in the time interval At, the following equation is estab- 
lished: 

AX 2 + AY 2 = V c • At (1) 

50 

All the PPs are sampled on the assumption that the 
probe unit 400 moves by a predetermined distance in 
the time interval At. 

The moving velocity V c of the probe unit 400 is an 
55 average velocity. That is, the probe unit 400 should not 
be moved in the interval required to sample signals from 
all the PPs. If the probe unit 400 is moved in this inter- 
val, the timing at which the first or last PP of a PP group 
may coincide with the timing at which the pin 402 of the 
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probe unit 400 slides a portion other than the BPs. For 
this reason, signal sampling at each PP is to be per- 
formed while the probe unit 400 is not moved. There- 
fore, when At is the time required to move the probe unit 
400 by a distance L, and Ats is the time required to sam- 
ple all the PPs without moving the probe unit 400. the 
moving velocity V c is given by 

L = V C - (At + At s ) (2) 

A control procedure for storing reference data will 
be described next with reference to the flow chart of Fig. 
13. The control procedure in Fig. 13 is started when a 
user depresses a start switch (not shown) after a refer- 
ence work package is mounted on the pin board 245, 
and the pin board 230 is lowered to fix the reference 
work. 

In step S2 in Fig. 13, the camera 300 is operated to 
sense an image of the BP 102, perform predetermined 
image processing, and locate or detect a reference 
mark (i.e., the position of the first BP). The reference 
mark has been described with reference to Fig. 4. 

In step S4, the X- and Y-axis motors of the X-Y 
stage 250 are driven to move the probe unit 400 to the 
position of the detected mark. In step S6. the Z-axis 
motor is driven to lower the probe unit 400 so as to bring 
the pin 402 into contact with the first BP In step S8, a 
timer t is initialized. In step S10. the X- and Y-axis 
motors are driven to start moving the probe unit 400 at 
the constant velocity V c . 

In step S14, an elapsed time t from step S8 to the 
current time and the value of each of the signals 
detected at all the PPs are stored in the disk memory 
520 at the predetermined time intervals At. 

The position of the last BP is detected in step S2. If 
it is determined in step S16 that the probe unit 400 has 
moved across the last BP, the operation is terminated. 

With this operation, reference signal data like those 
shown in Fig. 10 are stored. 

A method of detecting a fault state by performing a 
wiping operation with respect to an actual work and 
comparing the detected signals (measurement signals) 
PD L with the reference signals PD M stored in the disk 
memory 520 will be described in detail next. 

Assume that a reference signal PD M 620 obtained 
by using a reference work is stored in the disk memory 
520 in advance, and a slightly delayed signal PD L 621 
and a slightly advanced signal PD L 622 relative to the 
reference signal PD M 620 are detected, as shown in 
Fig. 14. 

In the first embodiment, in comparing two signals 
(reference and measurement signals), if the two signals 
have the same value at the time after the lapse of a time 
At from the change point at which one of the signals 
whose "1" level is detected first changes from "0" level 
to "1" level, it is determined that the measurement sig- 
nal is normal. Referring to Fig. 14, when the signal 621 
(delayed with respect to the reference signal PD M 620) 
is detected, since both the measurement signal PD L 



and the reference signal PD W are at high level at time 
623 after the lapse of the time Ax from the change point 
at which the reference signal PD M changes from "0" 
level to "I" level, the measurement signal is normal (i.e., 

5 no discontinuity). Similarly, when the signal 622 
(advanced with respect to the reference signal PD M ) is 
detected, since both the measurement signal PD L and 
the reference signal PD M are at high level at time 624 
after the lapse of the time At from the change point at 

10 which the measurement signal PD L changes from "0" 
level to "1" level, the measurement signal is normal (i.e., 
no discontinuity). 

As described above, by comparing the values of 
two signals at the time after the lapse of the time at from 

is the change point at which one of the signals which 
appears first changes from "0" level to T level, a dis- 
continuity/short can be determined while variations in 
the set position of a BP are compensated. 

Fig. 1 5A explains the principle of detection of a dis- 

20 continuity in the first embodiment. If a discontinuity is 
caused, since the measurement signal PD L is not set at 
high level, a change from "0" level to "1 " level is detected 
in the reference signal PD M . In the case shown in Fig. 
15A, since the measurement signal PD L is at "0* level at 

25 the time after the lapse of the time At from the change 
point of the reference signal PD M (which is at "1 " level at 
this time), the discontinuity can be reliably detected. 

If a short is caused, a change from "0" level to "1" 
level is detected in the measurement signal PO L while 

30 the reference signal PD M is at "0" level, as shown in Fig. 
15B. Since the reference signal PD M 622 is at "0" level 
(at this time, the reference signal PD M is at "0" level) at 
the time after the lapse of the time At from the change 
point of the measurement signal PD L , the short can be 

35 reliably detected. 

The wiping method of the first embodiment allows 
determination of a discontinuity/short in even a defec- 
tive BP which is narrow. Referring to Fig. 16, for exam- 
ple, a BP narrower than a reference work 620 generates 

40 a signal PD L1 having a small width. In this case as welt, 
since a leading edge 631 of a measurement signal 
630 L1 is advanced with respect to a position 632 corre- 
sponding to the lapse of the time At from the leading 
edge of the reference signal PD M 620, it can be deter- 

45 mined that this BP has no discontinuity or short. 

An B excessively narrow BP is not preferable 
because it may have a discontinuity in the future. In the 
first embodiment, since the wiping method is used, the 
width of each BP can be detected indirectly The width 

so of a BP can be detected by, for example, detecting the 
time width between the leading and trailing edges of the 
measurement signal PD L . The time width of the signal 
PD L at M 1 n level, which is detected by this method, is 
compared with the time width of the reference signal 

55 PD M . If, for example, the ratio of the former to the latter 
is 50% or less, it may be determined that the BP is 
defective. Referring to Fig. 16, for example, the meas- 
urement signal PD L2 632 indicates a normal BP in 
terms of a signal position but indicates a defective BP in 
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terms of a signal width. 

A procedure for determining a non-defective/defec- 
tive state in a wiping inspection will be described in 
detail next. 

Fig. 1 7 shows a control procedure for detecting a s 
short/discontinuity. Steps S20 to S28 in Fig. 17 are the 
same as steps S2 to S10 in the control procedure (Fig. 
13) for recording reference signal data. That is, a wiping 
scan operation is started at a constant velocity from the 
first BP. 10 

In step S30. the lapse of a sampling time At is mon- 
itored. When the time At has elapsed, an elapsed time 
t x from step S20 and all the measurement signals PD L 
detected at all the PPs at the time t x are read. The time 
t x and the measurement signals PD L are temporarily is 
stored in the disk memory 520 or the memory 540. In 
step S34, the reference signals PD M corresponding to 
the elapsed time t x within the range of a time width -At 
to a time width +Ax are read out from the disk memory 
520. More specifically, of the reference signals PD M 20 
stored in the disk memory 520, signals in the range of t x 
- Ax to t x + At are read out. In step S34, of the measure- 
ment signals PD U temporarily stored in the disk memory 
520 or the memory 540. signals in the range of t x - Ax to 
t x are read out, as needed. In step S36, a matching test 25 
is performed by the method described with reference to 
Figs. 14 to 16. The check result is stored in the disk 
memory 520. 

After the inspection, the check results stored in the 
disk memory 520 are displayed or printed, the user sees 30 
them to determine whether the package having under- 
gone the above test is non-defective/defective. 

Modification of First Embodiment) 

35 

®: In the first embodiment a DC signal is supplied 
to the land of each BP. For this reason, every time 
the pin 402 of the probe unit 400 comes in contact 
with a BP. a DC high-/low-level signal is detected on 
the BP. The signal supplied to the BP may be a 40 
pulse signal. In this case, a pin pad signal PD as 
shown in Fig 18 is detected. 

©: In the first embodiment, the movement of the 
probe unit 400 is stopped in the interval in which all 45 
pin pad signals are sampled. The present invention 
is not limited to this. In some case, the probe unit 
400 can be moved even in a PP sampling interval. 
Assume that each BP is relatively wide, the moving 
velocity is relatively low, or the speed of sampling all so 
the PPs is very low. In such a case, even if the 
probe unit 400 is moved in a PP sampling interval, 
the ratio of a sampling interval Ap to a time width At 
during which th probe pin 402 is on a BP is rela- 
tively large. This decreases the probability of sam- ss 
pling an end PP to fall outside a time zone in which 
the pin 402 is in contact with a specific BP. 

® : The data stored in the disk memory 520 include 



"1 "-level data (based on the width of each BP), 
each having a predetermined length, and "XT-level 
data (based on the length of each BP group), each 
having a predetermined length, in large quantities. 
For this reason, the data can be efficiently com- 
pressed by encoding the data using the run-length 
encoding method by which these runs can be 
encoded into codes most efficiently. 

<§): In the above embodiment, reference data is 
generated by using a reference work. If, however, 
the positions of BPs and PPs on a work to be 
inspected are known, reference data need not 
always be generated by using a reference work. If 
the moving velocity of the probe is known as well as 
the positions of BPs and PPs, a signal generation 
pattern can be predicted. An inspection can there- 
fore be performed. 

©: In the first embodiment, when a change from 
"0" level to T level is detected in the signal PD, it is 
regarded that contact of the probe unit 400 with a 
BP is detected. The present invention is not limited 
to this. The first embodiment is based on the 
premise that reference data is generated in 
advance from a reference work by using the probe 
unit 400 which is moved at a constant velocity. In 
other words, an elapsed time in reference data is 
inseparable from the position of each BP. That is, 
the time at which a signal PD is sampled can be 
determined in advance for each BP. As a modifica- 
tion, a method of generating sampling times for sig- 
nals PD at the respective BPs as a file in advance, 
instead of detecting a change from "0" level to "1" 
level in Fig. 14, is proposed. 

(Second Embodiment > 

The inspection apparatus of the first embodiment 
requires the condition that the moving velocity of the 
probe unit 400 in tracing a reference work must not 
greatly differ from the moving velocity in tracing an 
actual work, or is based on the premise that the posi- 
tions of BPs and PPs and the moving velocity of the 
probe unit 400 are known. In the first embodiment, it is 
only after signals are detected at the respective PPs 
that the corresponding BPs and conducting routes are 
specified. That is, the positions of the BPs to be 
inspected are estimated by the above probe operation. 
For this reason, if there is a possibility of a circuit open 
state, a specific position at which a signal is currently 
supplied must be detected. 

According to the second embodiment, there is pro- 
vided an inspection apparatus which allows easy detec- 
tion of a specific BP to which a signal is currently 
supplied. 

Fig. 19 shows the arrangement of a probe unit 
400W used in the inspection apparatus of the second 
embodiment. This probe 400W has two probes, each 



10 



RMSnOGIO: <EP 07734ASA2> 



19 



EP 0 773 445 A2 



20 



identical to the probe unit 400 in the first embodiment, 
which are arranged side by side. The probe 400W has 
tungsten coils 406a and 406b. pistons 407a and 407b 
respectively supported by the coils 406a and 406b, and 
probe pins 402a and 402b respectively attached to the 5 
lower portions of the pistons 407a and 407b. 

A signal TM )N is input to the pin 402b through a wire 
410b, a terminal 405b, the coil 406b, and the piston 
407b. When the pin 402b comes in contact with a BP 
102, a signal TM DET detected at the pin 402a is output 
through the piston 407a, the coil 406a, a terminal 405a, 
and a wire 410a. 

Both the wires 410a and 41 0b are connected to a 
controller in the second embodiment. When the control- 
ler in the second embodiment sends the signal TM )N to 
the wire 410b while the pins 402a and 402b are on the 
BP 102. the signal is detected as the signal TM DET at 
the wire 410a. For this reason, the distance between the 
pins 402a and 402b must not be larger than the width of 
the BP 102. 

Fig. 20 shows the arrangement of the inspection 
system of the second embodiment. The same reference 
numerals in Fig. 20 denote the same constituent ele- 
ments as those of the system in Fig. 7. As compared 
with the system in Fig. 7, in this system, the probe is 
modified, and a waveform shaping unit 516 and a latch 
517 are newly added. 

Figs. 21 and 22 explain the principle of inspection in 
the second embodiment. 

Fig. 21 illustrates the process in which the probe 30 
400 W approaches a given BP 102, traces the BP 102, 
and separates therefrom, with the abscissa indicating 
the moving distance from a reference mark. At time t 1t 
since the probe 400W is not in contact with the BP, the 
signal TM 0ET is not detected. At time t 2 , since the pin 35 
402b of the probe 400W is not in contact with the BP 
although the pin 402a is in contact with the BP, the sig- 
nal TMqej is not detected. In the interval between time 
t 3 and time t 4 , since the two pins 402a and 402b of the 
probe 400W are in contact with the BP, the signal 40 
TM DET is detected. In the interval between time t 5 and 
time t 7 , since both or either of the pins 402a and 402b of 
the probe 400W is not in contact with the BP, the signal 
TM DE t is not detected. 

In the second embodiment, detection of the signal 45 
TM DET indicates that the two pins 402a and 402b of the 
probe 400W are always in contact with the BR This is 
because no interconnection which may have a disconti- 
nuity is present between the two pins 402a and 402b. 
Therefore, the signal TM 0ET in Fig. 21 is obtained upon so 
movement of the probe 400W, and the position of T 
level of the signal TM DET corresponds to the position of 
each BR 

Fig. 22 explains the same signal TM DET as that 
described above, with the abscissa indicating the time ss 
axis. In the second embodiment, signals PD are to be 
sampled at all PPs a time T/2 after a change from "0" 
level to "V level is detected in the signal TM DET . Letting 
T be the time required to trace one BP having a typical 



width W, and V c be the moving velocity of the probe 
400 W, 

W = V c • T 

Therefore, both the pins 402a and 402b of the probe 
400W are located near the center of the BP about the 
time T/2 after the signal TM 0ET is detected. By setting a 
sampling time in this manner, the timing at which the 
probe 400 is located on a BP can be accurately 
detected without detecting the accurate position of the 
BP formed on a work board. 

Fig. 23 shows a control procedure for a controller 
500 in the second embodiment. 

Steps S50 to S55 in Fig. 23 are the same as steps 
S20 to S28 in the first embodiment. 

In step S56. a signal TM jN is applied to the pin 402b 
through a power supply 513. This signal may be a DC 
signal or a pulse-like signal like the one shown in Fig. 
18. 

In step S58. the flow waits for detection of the signal - 
TM DET . When the signal TM DET is detected, the flow 
warts for the lapse of the time T/2 in step S60. In step 
S62, the signal PD and an elapsed time t are read. In 
step S64, reference data PD M at a time near the 
elapsed time t from step S54 is read. Mismatching is 
detected by comparing the signal PD read in step S66 
with the reference data PD M . 

As described above, according to the inspection 
apparatus of the second embodiment, since the time 
during which the probe is actually in contact with a BP 
can be accurately detected, a short or discontinuity in 
an interconnection can be inspected without detecting 
the accurate position of the BR 

In the inspection apparatus of the second embodi- 
ment as well, when a different BP is to be inspected, the 
probe 400 is rotated. 

(Modification of Second Embodiment) 

The second embodiment uses the reference data 
PD M to inspect a short. In the second embodiment, 
however, since the probe 400W has the two pins 402a 
and 402b, the time during which the probe is actually in 
contact with a BP can be accurately detected. For this 
reason, if the method of the second embodiment is 
applied to an inspection apparatus which need not 
inspect any short but is designed to inspect only discon- 
tinuities, generation and storage of reference data and 
collation (step S66) with the reference data need not be 
performed. 

(Third Embodiment ) 

TTie inspection apparatuses of the first and second 
embodiments are suitably used to inspect solid shorts 
and discontinuities between interconnections. Solid 
shorts and discontinuities remain as they are unless 
they are repaired. In each of the first and second 
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embodiments, 5 V is sufficient for the voltage level of a 
signal supplied from the power supply to a BP through 
the probe unit 400 to inspect a solid short or discontinu- 
ity. In practice, however, as compared with solid shorts 
and discontinuities, a semi-short/semi-discontinuity 
state (to be referred to as a semi-short state hereinafter) 
relatively frequently occurs between interconnections 
within the range of 10 a to 100 Ma If such a state is 
overlooked, the electronic circuit intermittently fails. In 
the third embodiment, such a semi-short state is 
inspected at the same time when a solid short or dis- 
continuity is inspected in accordance with the method of 
the first or second embodiment. 

Fig. 24A shows two lead wires in a semi-short state. 
It is known that when a large current is supplied to a 
lead wire in a semi-short state, the corresponding por- 
tion is generally changed into a high-resistance portion 
to become "non-defective". Conventionally, in the insu- 
lation inspection step shown in Fig. 24A, a voltage of 
about 100 V is applied to a BP or PR After a work is 
made non-defective by applying 100 V to a BP or PP. a 
signal of 5 V is applied to the BP or PP in a stage differ- 
ent from the insulation inspection stage in Fig. 24A. as 
shown in Fig. 24B, thereby inspecting a solid short or 
discontinuity in the interconnection or between the inter- 
connections. The reason why the insulation inspection 
and the inspection of a solid discontinuity are performed 
in the different stages is that the signals applied for the 
respective inspections have different voltage values. 

In the third embodiment, inspection of a "semi-short 
state" (insufficient insulation) and inspection of a solid 
short/discontinuity are performed in one stage. 

The arrangement of the inspection apparatus of the 
third embodiment is basically the same as that of each 
of the inspection apparatuses of the first and second 
embodiments. Therefore, the system arrangement in 
Fig. 7 can be used when the probe 400 having one pin 
is to be used, and the system arrangement in Fig. 20 
can be used when the probe 400 W having two pins is to 
be used. 

Fig. 25 shows the arrangement of a waveform 
shaping unit to be used in place of the waveform shap- 
ing unit 510 in Fig. 7 or 20 when the inspection appara- 
tus of the third embodiment is to be applied to the 
system in Fig. 7 or 20. Referring to Fig. 25. reference 
numerals 700-1 to 700-n denote n amplifiers, each con- 
nected to a corresponding press pin 231 . That is. a sig- 
nal at each PP which is detected by the press pin 231 is 
amplified by each amplifier 700. Load resistors R01 to 
R 0n are respectively connected to the amplifiers 700-1 
to 700-n. The output of each of the amplifiers 700-1 to 
700-n is connected to one terminal of a corresponding 
one of comparators 710-1 to 710-n. A predetermined 
threshold voltage V TH is applied to the other terminal of 
each comparator. If, therefore, the gain of the signal 
detected at the PP is higher than a threshold V^, "1 " is 
stored in a latch 512. 

In the third embodiment, the peak value of a signal 
applied to a BP through the probe unit 400 is set to be 



1 00 V for a reason to be described later. 

For the sake of descriptive convenience. Fig. 26 
shows the principle on which the inspection apparatus 
of the third embodiment inspects a work to which two 
5 pairs of BPs and PPs are connected. In this work, a 
bonding pad BP 1 and a pin pad PP 1 . and a bonding pad 
BP2 and a pin pad PP2 are respectively connected in a 
ceramic package through interconnections 750 and 
751. The interconnections 750 and 751 must be insu- 
re lated from each other with a resistance of 100 Ma or 
more. 

Assume that the probe 400 (or 400 W) based on the 
wiping method of the first or second embodiment is 
applied to the inspection apparatus of the third embodi- 
15 men! In this case, when, for example, the probe unit 
400 is on the bonding pad BP1 as shown in Fig. 26, a 
voltage value V X2 of a signal output to the output termi- 
nal of the amplifier 700-2 connected to the pin pad PP2 
is given by 

20 



25 

where G is the amplification factor of the amplifier 700. 
R x is the insulating resistance value between the inter- 
connections 750 and 751. and R 0 2 is the load resist- 
ance (terminating resistance) of the pin pad PP2. If the 
30 insulation is insufficient. Rx » R02- Equation (3) is 
therefore rewritten into 

Vx2 =G.^ (4) 

35 

Assume that in this embodiment, if the resistance 
value R x is 100 Ma or more, the insulation between the 
interconnections is sufficient. Therefore, R x = 100 Ma 

40 As described above, since a current of 1 mA needs to 
be supplied to a portion in a semi-short state (e.g.. a 
resistance value of 100 kn) to make it non-defective, the 
voltage V 0 needs to be set to about 100 V (= 10" 3 x 100 
x 10 3 ). The noise level of a PGA work to which this 

45 embodiment is applied reaches several tens mV. In 
order to obtain a sufficient S/N ratio with respect to such 
noise, the voltage value V x2 is preferably set to about 1 
V. In this case, the proper terminating resistance R02 
10 ka (= 100 x 10 6 + 100 ± 100). 

so Assume that in the third embodiment, the nominal 
value of the insulating resistance of the work to wnich 
this embodiment is applied is 100 Ma In this case, if the 
resistance value between interconnections decreases 
below 100 MO, the voltage value changes to less 

55 than 1 V. In contrast to this, if the resistance value 
between interconnections increases beyond 100 MO, 
the voltage value V x2 changes to 1 V or more. There- 
fore, the proper threshold Vjh input to the comparator 
710 is about 1 V under the condition of G = 100, R x » 
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100MU and R 0 = 10 ka 

The principle of a method of detecting discontinui- 
ties and semi -shorts in interconnections according to 
the third embodiment will be described with reference to 
Fig. 26. Assume that V TH = 1 V, G = 100, and R 0 = 10 
kCl are set in the inspection system in Fig. 25. Also, 
assume that the input dynamic range of the amplifier 
700 falls within the range of 0 V to 100 V. 

A case wherein there is neither discontinuity 
between the bonding bad BP1 and the pin pad PP1 nor 
semi-short (short) between the interconnections 750 
and 751 will be described first with reference to Fig. 26. 

In this case, when the probe unit 400 is on the 
bonding bad BP1 . a signal of about 100 V is input to the 
amplifier 700-1 corresponding to the bonding bad BP1. 
As a result, V X i > 1 V, and hence the output from the 
comparator 700-1 is set at high level. TTiat is, the signal 
PD1 is detected as a high-level signal, and it is deter- 
mined that there is no discontinuity between the bond- 
ing bad BP1 and the pin pad PP1. In addition, since no 
signal is applied from the probe unit 400 to the bonding 
bad BP2, v*x2 < 1 V is detected, and the output from the 
comparator 710-2 is set at low level unless a semi-short 
(or short) is caused between the interconnections 750 
and 751. That is, it is determined that there is no semi- 
short between the interconnections 750 and 751 . 

Assume that there is no discontinuity between the 
bonding bad BP1 and the pin pad PP1, but there is a 
semi-short between the interconnections 750 and 751. 
In this case, although the output from the comparator 
710-1 is at high level, leakage from a signal of 100 V 
from the probe unit 400 occurs, and Vx2 > 1 V. As a 
result, the output from the comparator 710-2 is set at 
, high level. With this operation, it is detected that there is 
a semi-short between the interconnections 750 and 
751. 

©: When the presence/absence of a discontinuity 
between one BP and one or a plurality of PPs con- 
nected to each other through an interconnection is 
to be checked, a signal is applied to the BP to be 
inspected, and the signal PD is detected at the cor- 
responding PP or PPs. If this signal PD is at high 
level, it is determined that there is no discontinuity. 
If the signal PD is at low level, it is determined that 
there is a discontinuity. 

©: When the presence/absence of a short 
between two interconnections is to be checked, a 
signal is applied from the probe unit 400 to a BP 
connected to one interconnection, and the signal 
PD is detected at a PP connected to the other inter- 
connection. If this signal is at low level, it is deter- 
mined that there is no short between the two 
interconnections. If the signal is at high level, it is 
determined that there is a short (semi-short) 
between the two interconnections. 

In the third embodiment, the wiring information of 



the interconnections on a work to be inspected is 
required. This file is called wiring information. Consider, 
for example, a work having interconnections like those 
shown in Fig. 27. In this case, the wiring information file 

5 has an arrangement like the one shown in Fig. 28. That 
is. the wiring information file has one record per BP. 
Each record for each BP has a field 800 for specifying 
PPs to be sampled to check shorts (semi-shorts) 
between interconnections, and a field 801 for specifying 

70 PPs to check discontinuities in interconnections. For 
example, in the case shown in Fig. 27. since a bonding 
pad BP1 is connected to only pin pads PP1 and PP2. 
the field 800 for the bonding pad BP1 includes data 
"PP3, PP4" as PPs for which a check on a short is to be 

rs performed, and the field 801 includes data "PP1, PP2" 
as PPs for which a check on discontinuities is to be per- 
formed. That is, when a short is to be checked for the 
bonding pad BP1 , signals PD3 and PD4 are sampled at 
pads PP3 and PP4. If one or both of the signals PD3 

2 o and PD4 are detected as a high-level-signal or high- 
level signals, it is determined that there is a short 
between the bonding pad BP1 and one or both of the 
pads PP3 and PP4. When discontinuities are to be 
checked for the bonding pad BP1 . signals PD1 and PD2 

25 are sampled at the pads PP1 and PP2. If one or both of 
the signals PD1 and PD2 are detected as a low-level 
signal or low-level signals, it is determined that there is 
a discontinuity between the bonding pad BP1 and one 
or both of the pads PP1 and PP2. 

30 Fig. 29 is a flow chart showing a control procedure 
in the third embodiment. 

In step S80, a reference mark indicating a pad from 
which an inspection is to be started is located or 
detected by an image processing technique. In step 

35 S82, the probe unit 400 (the probe in the third embodi- 
ment includes the probe 400 in the first embodiment 
and the probe 400W in the second embodiment) is 
moved to the position of the start pad having the refer- 
ence mark. In step S84, the probe unit 400 is lowered 

40* on the start pad. In step S86. an elapsed time register t 
is cleared. In step S88, the probe unit 400 is moved at a 
constant velocity. In step S90. an inspection signal 
(peak value: 100 V) is applied to the probe unit 400. 
In the third embodiment as well, on the basis of the 

45 value of the time register t (as in the first embodiment) 
and a return signal TM DET of a signal BP (as in the sec- 
ond embodiment), a controller 500 can recognize the 
position of a BP on which the probe unit 400 is currently 
present. In step S92. it is checked whether the probe 

so unit 400 is on a BP. If it is determined that the probe unit 
400 is on a BP. a specific pad BP n on which the probe 
unit 400 is present is determined on the basis of an 
elapsed time t. In step S94, records 800 and 801 of the 
wiring information file corresponding to the pad BP n are 

55 read. In step S96. one or a plurality of PPs for which a 
discontinuity check is to be performed are specified on 
the basis of the contents of the record 801 , and the sig- 
nal PD at each PP is detected to perform a discontinuity 
check. In step S98. one or a plurality of pin pads PP for 
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which a check on a short is to be performed are speci- 
fied on the basis of the contents of the record 800, and 
the signal PD at each PP is detected to perform a check 
on a short. 

As described above, the inspection apparatus of s 
the third embodiment can perform detection of disconti- 
nuity in each interconnection and shorts between the 
interconnections with one wiping operation. In addition, 
since the voltage value of a signal to be applied to each 
BP is set to as high as 100 V, an increase in S/N ratio 10 
and formation of non-defective products can be attained 
at the same time. 

Modification of Third Embodiment) 

75 

Each comparator 710 used in the third embodiment 
needs to have a wide dynamic range for input signals. 
Such a comparator is expensive. Accordingly, a modifi- 
cation to the third embodiment is proposed as illustrated 
in Fig. 3. 20 

The modification in Fig. 3 includes a comparator 
(Id) dedicated for discontinuity test and a comparator 
(IC 3 ) dedicated for insulation test that are provided sep- 
arately. The outputs of the comparators IC n and IC 3 are 
inputted to driver gates 900a, 900b t respectively, which 25 
have a enable input terminal. An enabling signal which 
exhibits high level makes a level of an output of the com- 
parator into a high impedance state, that means disa- 
bled state. The controller 500 can select either one of 
the comparators, that is, whether a discontinuity test or 30 
a insulation test should be performed, by controlling a 
value of the enabling signals. 

At first, the operation of the circuit for discontinuity 
test is described. Where a board or circuit is under test 
does not include a discontinuity and when a voltage sig- 35 
nal at 100V is applied via the probe 400, a voltage at 
100V at most is detected at a resistor R 4 (100 KQ) via 
the pin pad 101 and the pressing pin 231 . The voltage is 
dropped by a resistor R 3 (18 KQ), then cramped by a 
Zener diode 0, into around 5.6V at an input terminal of 40 
the comparator IC V A threshold voltage Th, of the com- 
parator IC 1 is determined so that it produces a high level 
signal when 5.6V is detected at the plus (+) terminal of 
the comparator IC V 

If a pattern has a discontinuity or some resistance. 45 
the resistors R 3 , R 4 apply a voltage less than 5.6V onto 
the plus (+) input of the comparator IC 1t which makes 
the output of the comparator ICt into low. Consequently, 
the discontinuity or half discontinued state is detected. 

Next, the circuit for insufficient insulation (shortage so 
test) according to the modification is described below. 

Resistors R 1t R2 form a dividing circuit, an inte- 
grated circuit IC 2 functions as an amplifier. In the insuf- 
ficient insulation test, where a pattern has an insufficient 
insulation (less than 100 MQ in insulation resistance) ss 
and even if 100 V which is comparatively high is applied 
via the probe 400. a voltage detected at the resistor R1 
is very low. The amplifier IC 2 is thus required for ampli- 
fying the low voltage. 



If the control procedure illustrated in Fig. 29 is 
applied to the modification, the control disables the 
comparator 900a while enabling 900b in step S96. and 
produces a result of the discontinuity test as signal PD. 
In step S98, the control enables the comparator 900a 
while disabling 900b. and produces a result of the insuf- 
ficient insulation test as signal PD. 

Further modification to the third embodiment will be 
proposed below. 

The modified embodiment in Fig. 30 requires sam- 
pling one of the drivers 900a and 900b. because one 
signal PD is provided for each pin 231. Where the 
latches 512 (Fig. 25) has extra number of latches, the 
outputs of the drivers 900a and 900b may be connected 
to respective inputs of the latches. This will reduce a 
tact time by eliminating a time required for the sampling. 

Claims 

1 . An inspection apparatus for determining qualities of 
a plurality of conductive patterns (103) on an elec- 
tronic circuit board (100) having a first group of plu- 
ral terminals (102). a second group of plural 
terminals (101), and the plurality of conductive pat- 
terns for electrically connecting the first group of 
plural terminals to the second group of plural termi- 
nals, characterized by comprising: 

a first probe (400) having a first contact pin 
(402) which comes in contact with the elec- 
tronic circuit board; 

moving means (204, 205, 407, 406) for moving 
one of said first probe and the electronic circuit 
board along a straight line substantially consti- 
tuted by the first group ot oiural terminals 
(102a) without separating the first contact pin 
from a surface of the electronic circuit board; 
supply means (513) for supplying a first identi- 
fiable electrical signal to the first contact pin of 
said first probe; 

monitor means (510. 512) for monitoring a sec- 
ond electrical signal appearing at each terminal 
of the second group of plural terminals; and 
determination means (500. 540) for determin- 
ing qualities of the plurality of conductive pat- 
terns on the basis of the monitor result 
obtained by said monitor means. 

2. The apparatus according to claim 1, wherein said 
determination means comprises identifying means 
for identifying a terminal, of the first group of plural 
terminals, to which the first electrical signal is sup- 
plied from said supply means, on the basis of the 
monitor result obtained by said monitor means, and 

determines a quality of a conductive pattern 
on the basis of the second electrical signal detected 
by said monitor means at one or a plurality of termi- 
nals of the second group which are connected to 
the terminal identified by said identifying means 
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through conductive patterns. 

3. The apparatus according to claim 1 , further com- 
prising first storage means for storing data indicat- 
ing a connection relationship between the first s 
group of plural terminals and the second group of 
plural terminals through the plurality of conductive 
patterns, and 

wherein when the first contact pin of said first 
probe is moved onto one terminal of the first group *0 
by said moving means, said determination means 
specifies a terminal, of the second group, which is 
connected to said one terminal, on the basis of said 
storage means, and determines a quality of a con- 
ductive pattern between said one terminal and the is 
specified terminal on the basis of the second elec- 
trical signal detected through said detection means. 

4. The apparatus according to claim 2, further com- 
prising a second probe having a second contact pin 20 
mounted at a position near the first contact pin of 
said first probe, and 

wherein said identifying means identifies a 
terminal of the first group to which the first electrical 
signal is being supplied from said first probe 25 
through the first contact pin, on the basis of a third 
electrical signal detected through the second con- 
tact pin of said second probe. 

5. The apparatus according to claim 4, wherein said 30 
first and second probes have a common body, and 
the first and second contact pins are mounted on a 
lower portion of the body. 

6. The apparatus according to claim 4, wherein a dis- 35 
tance between the first and second contact pins is 

set to be less than a width of said one terminal. 

7. The apparatus according to claim 2, wherein said 
identifying means identifies a terminal with which 40 
the first contact pin is in contact, on the basis of an 
elapsed time point from a start point of an inspec- 
tion. 

8. The apparatus according to claim 1 , wherein said 45 
moving means comprises: 

means for identifying the electronic circuit 
board; and 

a motor for moving said first probe within a hor- so 
izontal plane. 

9. The apparatus according to claim 8, wherein said 
moving means further comprises a motor for mov- 
ing said first probe in a vertical direction. ss 

10. The apparatus according to claim 8, wherein said 
moving means further comprises a motor for mov- 
ing said first probe around an axis thereof 



11. The apparatus according to claim 1, wherein the 
first contact pin of said first probe is inclined with 
respect to the surface of the electronic circuit board 
and mounted on said first probe. 

12. The apparatus according to claim 11, wherein said 
moving means comprises means for rotating a 
body of said first probe about an axis perpendicular 
to the surface of the electronic circuit board when a 
moving direction of said first probe is changed, 
thereby maintaining an azimuth angle of the first 
contact pin with respect to the surface, which is set 
before the moving direction of said first probe is 
changed, after the moving direction of said first 
probe is changed. 

1 3. The apparatus according to claim 1 . wherein said 
moving means moves said first probe at a known 
velocity. 

14. The apparatus according to claim 13, wherein said* 
moving means moves said first probe at a constant 
velocity. 

15. The apparatus according to claim 13, further com- 
prising means for moving said first probe on a refer- 
ence substrate having terminals and conductive 
patterns corresponding to the electronic circuit 
board at the known velocity; and 

second storage means for storing an electri- 
cal signal appearing at the second group of plural 
terminals as reference signal data in a process in 
which said first probe is moved on the reference 
substrate, and 

wherein said determination means com- 
pares the second electrical signal obtained by said 
second monitor means with reference signal data 
read out from said second storage means. 

16. The apparatus according to claim 15, wherein said 
determination means retrieves target reference sig- 
nal data from said second storage means in 
accordance with an elapsed time. 

17. The apparatus according to claim 3. wherein said 
determination means comprises: 

means for detecting that the first contact pin of 
said first probe is in contact with one terminal of 
the first group by said moving means; 
means for specifying a first terminal connected 
to said one terminal of the second group, and a 
second terminal which is not connected to said 
one terminal on the basis of the data indicating 
the connection relationship read out from said 
storage means; 

means for determining a discontinuity in a con- 
ductive pattern between said one terminal and 
the first terminal on the basis of the second 
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electrical signal detected at the first terminal; 
and 

means for determining a short in a conductive 
pattern between said one terminal and the sec- 
ond terminal on the basis of the second electri- 
cal signal detected at the second terminal. 

18. The apparatus according to claim 1, wherein the 
first electrical signal has a known voltage value to 
be identifiable. 

19. The apparatus according to claim 1, wherein the 
first electrical signal has a known repetitive pattern 
to be identifiable. 

20. The apparatus according to claim 1, wherein said 
monitor means samples a detection signal, as the 
second electrical signal, which is detected a prede- 
termined period of time after a time point at which 
an electrical signal detected at the second group of 
plural terminals greatly changes. 

21. The apparatus according to claim 1, wherein said 
first probe comprises press means for pressing the 
first contact pin against the circuit board. 

22. The apparatus according to claim 21 , wherein said 
press means comprises a movable member 
mounted in said first probe and movable in a verti- 
cal direction, said member having the contact pin 
attached thereto. 

23. The apparatus according to claim 21 . wherein said 
press means comprises a spring which is mounted 
in said first probe to bias the contact pin downward. 

24. An inspection apparatus for determining qualities of 
conductive patterns (103) formed on or in an elec- 
tronic circuit board (1 00), characterized by compris- 
ing: 

a probe (400) having a contact pin (402) which 
comes in contact with the electronic circuit 
board; 

moving means (204, 205, 406, 407) for moving 
one of said probe and the electronic circuit 
board along a straight line substantially parallel 
to a surface of the electronic circuit board with- 
out separating the contact pin from the surface 
of the electronic circuit board; and 
application means (513) for applying an identi- 
fiable electrical signal to the contact pin. 

25. An inspection probe (400) used to inspect an elec- 
tronic circuit board, comprising: 



in said cylinder; 

conductive suspension means (406) having 
one end connected to the signal terminal, and 
the other end connected to a portion of said 
5 conductive piston, thereby allowing said con- 

ductive piston to be elastically suspended from 
said cylinder; and 

a first contact pin (402) mounted on said con- 
ductive piston to come in contact with a surface 
to of the electronic circuit board. 

26. The inspection probe according to claim 25, 
wherein the contact pin is inclined with respect to a 
sliding direction of said piston and mounted on said 

75 piston. 

27. The probe according to claim 25, wherein said sus- 
pension means comprises a coil-like wire. 

20 28. An inspection probe for inspecting an electronic cir- 
cuit board, comprising: 

an electrical insulating cylinder (403) having 
first and second signal terminals for inputting - 

25 signals; 

first and second conductive pistons (407a. 
407b) which slidably move in said cylinder and 
are electrically insulated from each other; 
first suspension means (406a) having one end 

30 connected to one of the pair of signal terminals. 

and the other end connected to a portion of 
said first conductive piston, thereby allowing 
said first conductive piston to be elastically sus- 
pended from said cylinder; 

35 second suspension means (406b) having one 

end connected to the other of the pair of signal 
terminals, and the other terminal connected to 
a portion of said second conductive piston, 
thereby allowing said second conductive piston 

40 to be elastically suspended from said cylinder; 

a first contact pin (402a) which is mounted on 
said first conductive piston to come in contact 
with a surface of the electronic circuit board; 
and 

45 a second contact pin (402b) which is mounted 

on said second conductive piston to come in 
contact with the surface of the electronic circuit 
board at a predetermined distance from the 
first contact pin. 

50 

29. The probe according to claim 28, wherein a dis- 
tance between the first and second contact pins is 
set to be less than a width of a conductive pattern to 
be inspected which is formed on the electronic cir- 

55 curt board. 

30. The probe according to claim 28. wherein the first 
and second contact pins are arranged side by side 
in a moving direction of said inspection probe. 



an electrical insulating cylinder (403) having a 
signal terminal (405) for inputting a signal; 
a conductive piston (407) which slidably moves 
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31. The probe according to claim 28, wherein said sus- 
pension means comprises a coil-tike wire. 

32. An inspection method of determining qualities of a 
plurality of conductive patterns on an electronic cir- s 
curt board by applying a first identifiable electrical 
signal thereto through a first probe, the electronic 
circuit board having a first group of plural terminals, 

a second group of plural terminals, and the plurality 
of conductive patterns for electrically connecting w 
the first group of plural terminals to the second 
group of plural terminals, comprising: 

the moving step of supplying the first identifia- 
ble electrical signal to said probe while moving is 
said probe along a straight line substantially 
constituted by the first group of plural terminals 
without separating a distal end of said probe 
from a surface of the electronic circuit board; 
the monitor step of monitoring a second electri- 20 
cal signal appearing at each terminal of the 
second group of plural terminals while said 
probe is supplying the electrical signal to one 
terminal of the first group; and 
the determination step of determining qualities 25 
of the plurality of conductive patterns on the 
basis of the second electrical signal obtained in 
the monitor step. 

33. The method according to claim 32, wherein the 30 
determination step comprises: 

the identifying step of identifying a terminal, of 
the first group of plural terminals, to which the 
first electrical signal is supplied, on the basis of 35 
the monitor result obtained in the monitor step; 
and 

the step of determining a quality of a conduc- 
tive pattern on the basis of the second electri- 
cal signal detected in the monitor step at one or 40 
a plurality of terminals of the second group 
which are connected to the terminal identified 
in the identifying step through conductive pat- 
terns. 

45 

34. The method according to claim 32, further compris- 
ing the storage step of storing data in a predeter- 
mined memory, the data indicating a connection 
relationship between the first group of plural termi- 
nals and the second group of plural terminals so 
through the plurality of conductive patterns, and 

wherein the determination step comprises, 
when the first contact pin of said first probe is 
moved onto one terminal of the first group in the 
moving step, specifying a terminal, of the second 55 
group, which is connected to the one terminal, on 
the basis of the predetermined memory, and deter- 
mining a quality of a conductive pattern between 
said one terminal and the specified terminal on the 



basis of the second electrical signal detected in the 
monitor step. 

35. The method according to claim 33. wherein the 
moving step comprises using a second probe hav- 
ing a second contact pin mounted at a position near 
the first contact pin of said first probe in addition to 
said first probe, and 

the identifying step comprises identifying a 
given terminal, of the first group, to which the first 
electrical signal is supplied from said first probe 
through the first contact pin, on the basis of a third 
electrical signal detected through the second con- 
tact pin of said second probe. 

36. The method according to claim 33, wherein the 
identifying step comprises identifying a terminal 
with which the first contact pin is in contact, on the 
basis of an elapsed time point from a start point of 
an inspection. 

37. The method according to claim 32, wherein the first 
contact pin of said first probe is inclined with 
respect to the surface of the electronic circuit board 
and mounted on said first probe, and 

the moving step comprises rotating a body of 
said first probe about an axis perpendicular to the 
surface of the electronic circuit board when a mov- 
ing direction of said first probe is changed, thereby 
maintaining an azimuth angle of the first contact pin 
with respect to the surface, which is set before the 
moving direction of said first probe is changed, after 
the moving direction of said first probe is changed. 

38. The method according to claim 32, wherein the 
moving step comprises moving said first probe at a 
known velocity. 

39. The method according to claim 32, wherein the 
moving step comprises moving said first probe at a 
constant velocity. 

40. The method according to claim 38, further compris- 
ing the step of moving said first probe on a refer- 
ence substrate having terminals and conductive 
patterns corresponding to the electronic circuit 
board at the known velocity; and 

the step of storing an electrical signal 
appearing at the second group of plural terminals 
as reference signal data in a predetermined second 
memory in a process in which said first probe is 
moved on the reference substrate, and 

wherein the second electrical signal 
obtained in the second monitor step is compared 
with reference signal data read out from said sec- 
ond memory. 

41. The method according to claim 40, wherein the 
determination step comprises retrieving target ref- 
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erence signal data from said second memory in 
accordance with an elapsed time. 

42. The method according to claim 34, wherein the 
determination step comprises: 

the step of detecting that the first contact pin of 
said first probe is in contact with one terminal of 
the first group; 

the step of specifying a first terminal connected 
to said one terminal of the second group, and a 
second terminal which is not connected to said 
one terminal on the basis of the data indicating 
the connection relationship read out from said 
second memory: 

the step of determining a discontinuity in a con- 
ductive pattern between said one terminal and 
the first terminal on the basis of the second 
electrical signal detected at the first terminal; 
and 

the step of determining a short in a conductive 
pattern between said one terminal and the sec- 
ond terminal on the basis of the second electri- 
cal signal detected at the second terminal. 

43. The method according to claim 32, wherein the first 
electrical signal has a known voltage value to be 
identifiable. 

44. The method according to claim 32, wherein the first 
electrical signal has a known repetitive pattern to be 
identifiable. 

45. The method according to claim 32, wherein the 
monitor step comprises monitoring, as the second 
electrical signal, a detection signal which is 
detected a predetermined period of time after a 
time point at which an electrical signal detected at 
the second group of plural terminals greatly 
changes. 

46. The method according to claim 32, wherein the 
moving step comprises pressing the first contact 
pin of said first probe against the circuit board. 

47. The method according to claim 32. wherein the first 
group of plural terminals are formed in a substan- 
tially straight line on the electronic circuit board, and 

the moving step comprises the step of spec- 
ifying a start terminal of the first group of plural ter- 
minals, and 

the step of determining a direction which 
substantially coincides with an arranging direction 
of the first group of plural terminals as a moving 
direction on the basis of the specified start terminal. 

48. The method according to claim 34, wherein the 
identifying step comprises: 



the step of comparing an electrical signal 
applied to the first terminal at a given time point 
with a return signal detected through the sec- 
ond contact pin of said second probe at the 
5 given time point; and 

the step of recording a time at the given time 
point when the two signals substantially coin- 
cide with each other. 

io 49. The method according to claim 32, wherein a time 
width within which electrical signals are picked up 
at all the second group of plural terminals in the 
monitor step is set to be shorter than a time 
required for the first contact pin to pass through one 

75 terminal of the first group of plural terminals in the 
moving step. 

50. The method according to claim 42, wherein the 
moving step comprises setting, in the electrical sig- 

20 nal, a voltage for supplying a current large enough 
to burn off a conductive pattern in a semi-short 
state. 

51. An inspection method of inspecting an electronic 
25 circuit board by searching for positions of a plurality 

of terminals formed on the electronic circuit board, 
comprising: 

the contact step of bringing first and second 

30 contact pins mounted on a probe at a predeter- 

mined distance from each other into contact 
with a surface of the electronic circuit board; 
the moving step of moving said probe on the 
electronic circuit board along a direction sub- 

35 stantially parallel to the surface of the elec- 

tronic circuit board while keeping the two 
contact pins in contact with the surface; 
the detection step of applying an identifiable 
electrical signal to the first contact pin and at 

40 the same time, detecting a return signal of the 

electrical signal through the second contact pin 
in a process in which said probe is moved on 
the electronic circuit board; and 
the identifying step of identifying positions of 

45 the plurality of terminals on the basis of 

detected return signals. 

52. The method according to claim 51 , wherein the plu- 
rality of terminals are formed in a substantially 

so straight line on the electronic circuit board, 

the contact step comprises the step of specify- 
ing a start terminal of the plurality of terminals, 
and 

55 the moving step comprises the step of deter- 

mining a direction which substantially coincides 
with an arranging direction of the plurality of 
terminals as a moving direction on the basis of 
the specified start terminal. 
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53. The method according to claim 51, wherein the 
electrical signal has a known constant voltage level. 

54. The method according to claim 51. wherein the 
electrical signal has a predetermined repetitive pat- s 
tern. 

55. The method according to daim 51, wherein the 
identifying step comprises: 

w 

the step of comparing an electrical signal 
applied to the first terminal at a given time point 
with a return signal detected at the second ter- 
minal at the given time point; and 
the step of recording a time at the given time *5 
point when the two signals substantially coin- 
cide with each other. 
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